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W'*B«|*: 2002 ^ 12 18 a • 

1. 
2. 
3. 
4. 
5. 

[fe-iUJHfc: ; ***** mfriztL] 
1. 
2. 

□ Bft*t*Mfe [fc^UHfc : f#m ; a#j ;**& m^tttE.] 

□ B*h*t£.*j : %rfrm% ; ; a^ ; **$ **tt<ai 



(*»#(Irh #ft(Pt), 4ft(Os). ^(Rb)# * lr| ) 
* 4fe » a A ^ * € # # 4fr *■ H O °& — °£ . * — > ^ > 
°tt °& . °& > ^^sfe^^^^^^^JBf. * 4* # # -ft # 

?L^^^^^#m^#^*«.^> * 4* * # 

~ m 9t m « ^ s > i» | flttftA^a«jp!Sw*'#ft 

*t4kJ»*iaU «J». PDA. 

¥ -t 3! i£ I* SS v • 

This invention provides a new electroluminescent conjugated polymers grafted with 
highly efficient phosphorescent organometallic complexes (such as iridium, platinum, osmium, 
rubidium, etc.) and charge transport moieties (such as oxadiazole, thiadiazole, triazole, 
pyridine, pyrimidine, substituted or non-substituted tertiary arylamines, substituted or 
non-substituted quarternary arylammonium salts, substituted or non-substituted tertiary 
heterocyclic aromatic amines, substituted or non-substituted quarternary heterocyclic aromatic 
ammonium, etc.). The emissive polymers (folly conjugated or limited conjugating length) 
covering the foil visible range can be prepared. The polymeric light emitting diodes (PLED) 
with these materials can be used as indicators, light source and display for cellular phones, 
digital camera, pager, portable computer, personal data acquisition (PDA), watch, hand-held 
videogame, billboard, etc. 
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[ibf at] 

1987#-Tang# A(Appl. Phys. Lett., (1987), 51, 913) 
m m &&L#l3r & ITO/~ J3£/Alq 3 /Mg:Ag^ M 

— *fc*t#7C,#»* + ITO A ft & 91 *H I* ft. 4b 

^ (indium/tin oxide) » f£ & JL & • -=-JBrfl!'rlF€$H#*fr'-*t# , r. 
Alq 3 & 3. (8- A H. ^ *)£S [Tris(8-hydroxyquinoline) 
aluminum] • ° * /t # 1 % 

*P * ^- 2fc A 10V6$ A ^ 1000 cd/m 2 » # #fc ^ ft — 
It ^*jf £ # 'fcfc il # & ; 1990^ $'9 #J * A * Carvendish 
^ Hk% M ffl * *B ^ PPV (poly(p-phenylene vinylene) » 

*#*.*Z*#)^#ife#*|- ' Jtt # m & ITO/PPV/Ca^ 
^^ife^^^ ' * * Si ^ *0.05 % (Nature, (1990), 3 47, 
539. ), **b«|* T ^tt**tJ*« A^^**-**^ 
^ft-#ft*fc##il#K#*J(&ttfc^#fl#ik. 3/4 # 
.=.*J£ttJfe*$SL#*»J/l! ° 1998#- , ^ M FOrrest^ M ft & tf) 

(Nature, (1998), 395, 151.)° #^^^^0^^^.-^^^ 



& (spin-orbit coupling) , ift t * ^ f I ^ # 4" t ^ t ^- t 

(Lamansky, S. et. al, J. Am. Chem. Soc, (2001), 123, 4304; 
Inorg. Chem. (2001), 40, 1704.) • AAf Wfc*. ^ ?t , 

£ ifc 31 • (Baldo, M. A.; et. al, Appl. Phys. Lett. (1999), 75, 
4. Adachi, C; et. al, Appl. Phys. Lett. (2000), 77, 904. 
Adachi, C; et. al, Appl. Phys. Lett., (2001)", 78, 1622. 
Adachi, C; et. al, Appl. Phys. Lett., (2001), 79, 2082. 
D'Andrade, B. W. ; et. al, Adv. Mater., (2002), 14, 147.) ° 

-f- % & ~ It (Lee, C; et. al. Appl. Phys. Lett., (2000), 
77, 2280. Zhu, W.; et. al, Appl. Phys. Lett. (2002), 80, 2045. 
Chen, F. ; et. al, Appl. Phys. Lett. (2002), 80, 2308.) • 4* # 

a &ffi IT & & & &\ & fa & + PPVi. , % 51 ^ T t # 

0 $ 3E(Lee, Y. et. al, J. Am. Chem. Soc, (2001), 123, 2296; 
US Pat. 6,495,644 (2002)) , «JlfBHb — ***!$La(*P^&3 
;fa-^f-?-#$ryf)° B *b , ^^-a^-t^^^^^^ 
Bfcfe*»Jffl#fc^J5#^&#*&##fe. X ^ # ^. 

##^^4a^^^'^#-^ ' # - # t # # ^ ^ >i- ^ ^ ^ ^ 
A ^ ^ # ^ ., *S 51 ^ T -fit % ft * m # t ft # *fr & ffl • 



jfc*#*£-4*^& ' ' 

m^.^^ ' i£ T ffl a* *L ^ # & ~ * ^ to # • * # 18 *P 3* 
1*3 ^ & # * ^ J. Am. Chem. Soc, (2003), 125, 63 6 » X *L 4S5 
^^^r^'fb^'t'^Ii^^ 2003/3/10 #j Heart Cut t , *b m & 

M&&&j&m*$&%'$ft&%i&®, ****** * 
^^-^t^( y >^*^ 1,000-2,000,000 4L M ) : 

* t O^x^ 1, O^y^ 1, O^z^ 1, Org p<l, 0^ q<l, 0^ 
r<i; x+y+z+p+q+r=l , JL x+y+z>0 ; Ar. 1 „ Ar 2 , Ar 3 , Ar 4 , 
Ar 5 A Ar 6 #, * * 3*. , St * A £ *t # * ^ & ® (mono-, bicyclic- 
and polycyclic aromatic groups) „ *t 2r # ^ & HI (heterocyclic 
aromatic groups), 3*. ft 3£ 4£ ^ & ffl (substituted aromatic 
groups), $L^#^4t^#^^ffl (substituted heterocyclic 
aromatic groups) t $5 A. it ib ° Ar 1 , Ar 2 ^ Ar 3 t ^ 5- ^ — 



46 (Pt). $UOs). #»(Rb)^^^#; • i&frft&Xii O. N. S. 
P. CI. Br, C JSSl * J-* ± Mit it N M & fl « * # * ' tt 
4i it-* 4f £ *0 j& » 4fc , ^^^Jt*^^-?--^^ 1 ^^^ 

^ (alkylene) . ^ & ^ # *fe & (alkylene containing 
heteroatoms). ?t ^ 'ft & & (substituted alkylene) . %l /ft # 
>$ 4t & (substituted alkylene containing heteroatoms). 

# # m & m (aromatic groups). &. J$ # # 3fe & ffl . ^ ^ ^ # 

Ar\ Ar 2 >5L Ar 3 ^ftM&^^t&'fc^fc&tt*^ $1; Jl ^ 
#7 •Ar 4 it^T«^it-Hfl4 ' t£ If*. >ft & 'I* # — « « 

# ^ IS (hole transport moiety) ,&*€>B#*fr4kffl & 3£ 

# & *l SSc (tertiary arylamines). # # %k # fl£ 0 (quarternary 
arylammonium salts). & St # # 3fc *t Jfic (tertiary heterocyclic 
aromatic amines). -^^^^^^JBrft (quarternary 
heterocyclic aromatic ammonium) . ^fi^ f^lii 
(substituted tertiary arylamines) . %Lfc%&t£$-1&B. 
(substituted quarternary arylammonium salts). %l -ft & 3i. 3? 
^ %k&L%£ (substituted heterocyclic aromatic amines) , fy. >ft 
Ht^f (substituted quarternary heterocyclic 
aromatic ammonium) , it *T #L t & *E # Si ^ ° it £ « 5H # 
$fr & ffl (hole transport moiety)* - f JtB! ffi H > & & 

# * & . , *■ ft ^ * # # 

# & „ # # & ffl > 3Mt # # 3& * SK ft # # & a , 
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it ^ «. t * it # i& ^ • Ar 5 ^ * 4l ^ . _ 

«^**fr*BI(*l***fc#**H)' & ^ °& - * 
(Oxadiazole), °£ — °£ (Thiodiazole) . =. °£ (Triazole) , «fc 
(Pyridine) „ «« °& (Pyrimidine) #^-£#3&£.fflA^^t*" # *t 

# # & IS , ii°T^t^^it#se'^ oi t^'t-^ / *^*-® 
^i^.J-^ili^Bfl, & # # * > ^ # * # * * > 

#. ^ # * *. * *.^-*-4>/s^#**. % %m&m . # * # 

ft* 4i «fc * . 3*- -ft & > % . 

#^^^^^ffl> *■ ft # * * & ■ . 

# -5T '14 ft , isj-m-b^^^*^"^^^^^-^^^ 

[ * >r ^ 1 

^#a^^^^^^i^t^i^-¥-^t (repeat unit) tL # 
Ar 1 , Ar 2 , Ar 3 , Ar\ Ar 5 JfL Ar 6 » ^ 41 -T * I s ] * * * ' ^ 
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«|*|inT, ^ ^ RL ^ T t : 
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ft % m & M ®k & *k • *#IWI^^*tttl7t Ar 4 A 
Ar 5 T # * y ^ M & % % ffi & % * # $w * ffl . t ^1 A f f 

# tfr & ffl T « * *» T , ^^RL^«T^^ : 

** 4ft ^ G9 $ ffi ft ft & H 




t m=l~5, n=l~4, o=l~3, p=l~2, R 4,^^ (Ci~C 22 K #o & 
&(Ci~C 22 ). «fcfl(L*(Ci~C22) . ^^^^(-NRV, -NR'i, 
R^C-Caz) ^ =- *£&.4t ^.(-SiR r 3 , V=Ci~C 2 2)* T * 

^1 • IS] - m -t- ^ ^ ft 4k T *S I 5 ] * & Mr M. U -fir & fcb #4 58. # 0 
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J* m A i 




£. t m=l~5, n=l~4, o = l~3, p=l~2, R J*? «fc ^(Ci~C 22 )> %L % 

&(Ci~C 2 aK *«t*(Ci~C 2 2). ^*iI(-NRV. -nrV, 
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R l =d~C 2 2) A 2- «fc & 4b ^ & (-SiR^, R^C^Cza) # T ^ & 
® ' i§) - 3ft _l ^ 9l ^ & T 4a * & J- « * fct W # ; 

x= o'S'n-r 11 » & + R H -ft * *&&(Ci~C 22 ) - & 

(C!~C 22 ) - * 3£&(C 7 ~C 28 ) ' £&(C 7 ~C 28 ) * 

* : H * > #t & £ H & (C 7 ~C 28 ) > % * * * H & (C 7 ~C 28 ) > * 

* * **,46. - ^&(C 13 ~C 34 ) * *fc*,4fc* 

(C 13 ~C 34 ) * 3£#L&(Ci 3 ~C 34 ) > %i%&m 

(C 13 ~C 34 )it {& * • 

^^^^^^^^T^I 5 )^^^-^^ *9 If A «L « Ji 
# € # # ^ * ffl » ^ttt|ibAr 6 #|^ 

j*.**, 46. ^S(Ci~c 22 ) - ^,^^(c 1 ~c 22 ) > 

(C!~C 22 „ ^ilSSl-NRV, -NR I 2 , R^Ci-Cza) i& ^- 
^4t^ *.(-SiR ! 3> R I =C 1 ~C 22 ) - > ^&^&(C 7 ~C 28 ) * 

^^^^^(C 7 ~C 28 ) v**.*. * *(C 7 ~C 28 ) * *fc*L 

46. 3L^i(C 7 ~c 28 ) - 46 (C 7 ~c 28 ) - £ *. 46. *fe ft. 46. 

(C 7 ~C 28 ) - J» £46. ^ fl» *.ft.& * «.46-«f £^(C l3 ~C 34 ) ^.*&ft 
46. J» 3t&(C 13 ~C 34 ) - :&4&.«f *.*.46.(C 13 ~C 3 4) * * ft & ^ 

^*(c l3 ~c 34 )^^r^'i*.i^^&,i5i - ^-h^^^&-»r4a is] 

*^i*J.a^*tb^J^#, it -T * & it # «& <£■ • 

m ^ W # . ffl 1% 46. ffl & & # « 4t(Cl~C22), 
*fe4k(Cl~C22) % $L>ft# *&&(C1~C22K ^4t 
*fc4fc(Cl~C22K # * afc&ffl (C5-C22). » 3ft £ * ^ * ffl 
(C4-C22K frtt # * m & M (C5-C22), K » 3ft £ * #k & 
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@(C4~C22), J£-sT4£tte*it#S&^» 

^^frOH^F^*^ 0. 05-100%, ^ 60 t # # ^ & HI ft % ^ 
^ * £ 0-99.95%,^ & to Jpt ^ & ® # 31 ^ * 
0-99.95% - 

60 1,000-2,000,000 ^ 

KJ , H*f4E. 5,000-1,000,000 Pal , ^l^^L 10,000-600,000 
^ M • 

^ # B £ 60 $ -f- T J-X — # f #J ^ * 7n , *» & A - 

/V m : Jfe ^* ^ -X (CzPFRl .3) 




Jt t (CzPFR1.3 : x=1.3%, y=98.7%; CzPFR08: x=0.8%, 
y=99.2%) - 
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£Mg -fc (PFOR1) 




& ffi £, yV(PFOG05R01) 
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$1 ^ JBL M> ft # > fr\ *» At * Suzuki & Yamamoto 48 # & A # 
$j o -p ?ij ^ 4t %l T « #L ffii 41- £J 4^ # a £ * — * 

# It , ft frifLW & ' 4& * Ifc it # : 
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t w - - 

2,7- — y% -9,9-— -n-^ & g 

(2,7-dibromo-9,9-di-n-octylfluorene)#j jjl # 

jft 2,7-— & $ (2,7-dibromofluorene) 28.5 g (88 mmol) 

22 



y&lfr 800 mL THF t , * it* ^ #9 A ^ (sodium hydride) ( 
(65%) 8.8 g (220 mmol) • ^ ^(bromooctane) 43 g (220 

mol)>^^ 200 mL THF ^ %L ffi ^ & 60°C T 3g >Ul & M i& 

# « #■ # # , « Z* »t ¥ • 

fll ft MgS0 4 *fc* 

^ > ^#.###l&^S* 0 ^J.^^^flf-te.&^i (silica column 
c'hromography)^ E, ^ «L 4b » # a & Sf- # & & 4f $•] & & 
®ft£$J ' 2,7-^- & -9,9-— -n-^ & & 

(2,7-dibromo-9,9-di-n-octylfluorene) » 36.3 g ( J. 75.3%, 
mp 52~54°C ) ' a NMR « ^ & & • 
9,9-&(N-«Hr ^&)-2,7-— & $ 

[9,9-Bis(N-carbazolyl-decyl)-2,7-dibromofluorene]4L ^ 4£ 

m 2,7-— >H ^ (2,7-dibromofluorene) 5.2 g (16 mmol)jf 
300 mL U, °* °& (tetrabydrofuran, THF) t , ^ -i ^ A 

#3 A 4b 4fc (sodium hydride) (75%) 1.3 g (41 mmol)' jfr N-(10- 
^ 4b 4t 4^ ^ «* [N-(10-bromodecyl)-carbazole] 15 g (39 
mol)j^^ 100 mL THF ^ jg. $J ^ >&. 70°C T&* 48 ^ • 

m '& m m m. & at , * at «t « * «r , # ffl * # # ' > ffl — & 

>lfc#&#4*i*B, ffl ft * sfc 3* , # j-x & * s& 

MgS0 4 Ifc * 4L " *i. A # fe- & # (silica column 

chromography)^^ .4Mb » # I »J 9,9-^ (N-Hr «fe & 4* 
4t)-2,7-- * »lt 5.1g(l$34 %, mp 94~96°C )' SI NMR 
« * * 4ft • 
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it W — ^ 9-2, &-9-(ll,13-~ + eg ^,&)-2,7-— & 
[9-hexyl-9-(ll,13-dioxo-tetradecyl)-2,7-dibromofluorene] 

m 9-n-e.|fc.-9-(ll-|L-+ E9 *fc-«)-2,7-— & £ 
[9-n-hexyl-9-(l 1 -oxo-dodecan-one)-2,7-dibromofluorene] 
(10 mmol, 6.0 g)j§. ^ 25 mL ^ St g£ Z* SI (ethylacetate) *f» , 
>#*3p B. 0°C ' (20 mmol, 0.46 g), 38. A El M, 12 

I* ^ Jfc *Mb ' # il*. ^ , 4.8 g (J. * 75%) • a NMR 

« ir m » 
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VLTltfrlZ-ELvatfl&.&MT PI EL M A * ' 




^*fc*i***t 9.&t-mH(III)f(2-(2'-H 
[4,5-a]°g«^ °&°&-N,C 3 ')(-t- «fcJ=.»-ll,13)-2,7--— & & 
(9-hexyl-9-(iridium(III)bis(2-(2'-benzo 
[4,5-a]thienyl)pyridinato-N,C 3 )(tetradecanedionate-ll 

3)-2,7-dibromofluorene)4L $t $j 

•£ 0.74 g (0.57 mmol) & & — ft 
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[(btp) 2 Ir-(n-Cl) 2 Ir(btp) 2 , btp - 2- * [4,5-a]"£ *fr it «fc ] 
(Chloride-bridged dimer [(btp) 2 Ir-(n-Cl) 2 Ir(btp) 2 , btp = 
2-benzo[4,5-a]thienylpyridine]), & 0.90 g (1.422 mmol)# 
#J ~ & -ft ^ 9- £* &-9-(ll,13--=- + *£;g.)-2,7-~ & $ 
^ (0.1 g)3& Sit A* ^ 2- 2* & £* 8tK2-ethoxyethanol)*& ^ , 3@. SfL 
• J^Ita.' >ft >» * , M 7jc >it , *, ' -PI « 

;^*fe&tt£***Mb'4*»JSItt&4fo£* 75-80% • « NMR 
« ^ «r # - 

tf-M®.^*****-?-** 9-e**-9-(«l(III)^(2-(2'-^*.nfc«fe 
-N,C ,, )(+ W »-ll,13)-2 9 7-— * 3£ 

(9 -hexyl-9-(iridium(III)bis(2-phenyl 

pyridinato-N,C 2 ')(tetradecanedionate-ll,13)-2,7-dibromo 

fluorene)4^ # 

^j&#-J§*l§*1t * 0.5 g (0.51 mmol)|,tt — * 

ft [(ppy)2lr-(ji-Cl) 2 Ir(ppy)2, ppy = 2-^^-tb^l 
(Chloride-bridged dimer [(ppy) 2 Ir-(n-Cl) 2 Ir(ppy) 2 , ppy = 
2-phenylpyridine]), 0.90 g (1.4 mmol)&f) % *J ~ JR. # 4i 9- 
£. &-9-(ll,13-- fL- + E9 «fc*)-2,7-— ^ git (0.1 g)^.Sl^9 
JR. # >^ #7 ° ^ NMR *£ <T J* 4fc ° 
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(9,9-dioctylfluorene-2,7-bis(trimethylene boronate))^ M. 

4* 

m 2.77 g (5.80 mmol) 9,9-~ ^ & g -2,7- — flW it. 
(9,9-dioctylfluorene-2,7-diboronic acid), 7 g (9 mmol) 1,3- 
^ — gf. (1,3-propylenediol)^ 200 mL f ^. ^ , ^ >ft 10 'b 
v$ j£ £l j& * o ^ ^ ft £ ^ , ffl lfe#i H B a #J'l 
& & HI f*£ $J 2.5 g ^ 76%, *& JK 120~122°C ) • M NMR 
tt ^ J* 41 • 
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^T#J^. PFORl iL^it 

^la^t^tT^^It rt^tA 0.5 84 g (1.05 mmol) 

fWif 9,9--^^&-2,7-^(=.4t ¥ &WHtm), 

0.570 g (1.04 mmol )M W - 31 % ^ 2,7-— >H -9,9-— -n- 

^ & g , 13 mg (0.0105 mmol)f f! # 4l 9-2, &-9-(&l 

(III)^(2-(2'-^ ^[4,5-a]-€^"fcb^-N,C 3 ')(-|- V9 ~ A 
-ll,13)-2,7- — >H £ , 3 mg tetrakis-(iL 3L;&J&)&> 
tetrakis-(triphenylphosphine)palladium fa 0.52 g (3.8 mmol) 
4L«t^P»-&M.*L^^lT* 0.10g(0.25 mmol) Aliquat 33 6 (X 
^ S& ^ 4£ & ill %0 (tricaprylylmethylammonium chloride) afr 
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10 mL f & >£ ^ BL M, *fe , 1.8 mL ft H * * fil t ^ A & A 
ffe • *L&to «#■ *o 85°C ai5^^A#«|| 0.1 mL 

p5 -$8 ^ SI (phenyl-dioxopropyleneboronate)>S. 

11 U, #^A^^#J0.2 mL p-(t-T £ 
(p-(t-butyl)bromobenzene)3i £f & ^ 1 ° «f HUfft^-f 

0.52 g <> 



a T t #1 -t -S. a ^ ^ ^ w T 1 ^, * ^ : 




f #»] -fc . i$ ^ -f- CzPFR1.3 & 
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0.846 g (3.08 mmol)^ (1,5-3* ^ (0) 
(bis(l,5-cyclooctadiene) nickel) (0)) (Ni(COD) 2 ), 0.480 g 
(3.08 mmol) 2,2-^ »tb <•£ (2,2-bipyridyl), 0.334 g (3.08 mmol) 
1,5-3* ^ # (1,5-cyclooctadiene) (COD)^- 3 mL & * ^ f 
« (Dimethylformamide, DMF)a ^ , 80°C T M # 30 
• - 9,9-^(N-«^^^->ft **)-2,7- 

?|(2 mmol)^ ^^J=$Hi^#& 9-£> ^-9-(^c(III)^ 
(2-(2'-¥ 4.[4,5-aJ^^°tb°£-N,C 3 ')( + ^ ft - 1 1 , 1 3)-2,7- 

— >H ?£ (0.026 mmol)^^ 12 mL i * f * + jt A 
#7 J*3 • 80°C ^ 6 ^ , jiA 380 [iL (0.2 mmol) l->^ -4-t-T 

(l-bromo-4-tert-butylbenzene)# %,M*&i£%l#8~M 1 
^ o 4f ^ ^. ^ ^ fl§ ^ £S & St Jbfc 4b •■ ^ »3 / f SI >7t i«t , 
ISfej* • J. ^ 8.0-8 5% • a NMR * # • 

i^^f CzPFR08^^i » 

« * -b , «3 £ ^ fft tb #J , »TW#lU^-f 
CzPFR08 o 
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m u if in ^ , pfogo5ro i -srja&*am#j^-3f>&^^-*£ 

H 43 & Si * ^ ^ ^ # £J » 



^ #J + . *t Jt it # 60 $L ^ • 

JB- PEDOT-PSS ««L#^^fi<i^r^,A«^ ITO 3& , 
j&£ *J 40 nm - & # jfr THF 60 fr] -fc ^ CzPFR1.3 

a tfttt £4* 60 3r ^ PEDOT m -L , If 80-120 nm » 
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m h >h 1 0' 6 Torr &} % £ T , ^ «t - >t ^5 . # 3£ -L — 
IS t fa tL M * foUSLfatfkg: ' k-Jt^Vi ITO # 4t £ * • II 

& 4. 9V, 2.8 cd/A > * & 

£8 i& 4320 cd/m 2 » 

m & % m « * w ^ ^ czpfro8 %%^t^%.^7t^, 
© - , # B * ^ « + *t # ^ # * — * • 

ITO/PEDOT/CzPFR1.3/Ca/Al ^«>ft#£.- 1 fcJK-&£.^rai'& 
ffl » 

ffl — - 4fc ^ # «fl * <*l + Mtt — 
ITO/PEDOT/CzPFR1.3/Ca/Al ^ t SJL * jfe it It • 

® _= - ^ ^ # #J + - ^ ^ ^ # Tfc — * 

ITO/PEDOT/CzPFR08/Ca/Al ^ % & & # ° 
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2. *o t If *'J & ffl # l^^r^^^lfe^^^. £tt££rlfe 
A ^ -f * 4ft * IS *ft « * ° 

#£*•*#*#*#*■***, 

BA*ft4fc3*#**&B/tffcj&**ts£lil6&*3L* 

^ # t ^ * , £Ln%%k&M#£&&]£r% o> N ^ s > p > c > 

CU Br. * C % + A n. M & & » 4fc ' * tt^4r>l^ 
^4fctt»*i*t***i&i$^^tt±*^H«-rai%4fc.B 

**** • 

5. #J|£ffl# 4 3S /9f Sfe 4L * le A > , * t « M fift 

& @ * -ft & , ^ *fr * * # «fc * . ft # *fc & . 3*. ft ^ 

*► 4i ^ * 4fc . ****B, 3*- ft* 

* ^ & B „ A^ft4>4t***4.B/9rtej&*«ft*dl ° 

#«#**fr&B*«sra4#*fr*H#«-?-ft*fr*.ffl» * t 

* * m , *3»**afe*jftft, ^ft^^^jgc. ^ ft 
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# #r * n & n & *6 $ # ± *t ^ w a - ra 1% & a ■ * 

.« ffl Rb * ffl * # * & , ^#>&^Mt*&&, 

/9. *o t * * *'J ft IS * 83S#fi£4L£.|6i<&^^-, £^^t*t# 
' & A *Q ^ ft • 

10.*» t *fr # *•■! ft ffl # 1 # #T & Ifc A ^ , * & - & £1 

12. t * #«j ft m % 3^m^^**6«^^, ^tt 1 1 

# /t ^ Ifc (fluorene)^ ^ • 

13. *, t *1 ft ® * 4Jgm*IL^£rl&A^-^, & * i£ 

14. *. t if ft n $ 4^«rii^*iB^^^ , *tt^^ 
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$j& ' m&m&Zf&%> 2- £ ' 2-*&[4,5- 

a ] ^ «^ * ^ ' (4,6- j=- & ) & 'fc 
[(4,6-difluoro)phenylpyridine], 2-phenylbenzothiolate, 
6 S& Sft 61 (acetylacetonate), °tb f St SI (picolinate) • 

15. ia t It # *»J la B * 4 * #r * le A a- -f- , &*«*4e 

1 6. *» t 1t # *'J IS ffl & 6^/9t3?|t4L**6it6^ J f-, * tt#m 
#'i;##$lr&l8;%*£ <, £ (carbazole)^, oxadiazole • 

17. t lt#*4 J& fi * 7 * /*f ifc :SL *'*6 * , *tt## 

18. *»f*t#*'JI&B£ i3S«fife4i#|ieA^-?-, & * « * *6 
0.05-100 & % • 

19. *o t *t ffl £ 18 * m & *l * *& * , *tt* 

4£ 0.1-20 ^ Jf % o 

20. *o f n 4- m le, B % 19 3ft #t 3&^*36 * ^ ^ , *ttK* 

0.5-10 & % • 

21. *o f it IS B # i:»Ji#fi&^**is$^-?-, 
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23. t n * *'J 4& ID * 22 * # $b # * — J*. « » * 3ft - 

24. *»**fr**llfc«* 22 « 23 a« * * — 4& H ' * 

25. t |f Jf- *») |& S $ 22 ^fifitli^t-^^. *m#dJ 
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